NON-CONTACT ROTARY AND LINEAR SENSOR DEVICES 


FIELD OF THE INVENTION 
[001] The present invention relates generally to sensor devices, and more particularly to 
a position sensor device for a controller, the sensor device using a light emitting diode that 
transmits light, such as infrared light, through a movable semi-transparent material, which is 
coupled to the controller, and using a phototransistor that receives the transmitted light and 
produces a variable output voltage that is indicative of the position of the semi-transparent 
material and the controller. 

BACKGROUND OF THE INVENTION 
[002] Position sensor devices are well known. For example, it is known to use a 
position sensor device to detect the movement and location of a control device, such as a 
controller, joystick control, vehicle throttle control, and an accelerator device, to name a few. 
The known position sensor devices detect the movement and position of the control device and 
translate that movement and position into a control signal that may be further processed and used 
to control the movement of a vehicle, equipment, or the like. The known position sensor 
devices, however, have several drawbacks. As an example, the known position sensor devices 
are complex, often difficult to manufacture, require a considerable amount of time to assemble, 
and generally have an overall high cost application. In addition to these drawbacks, other 
drawbacks exist with respect to existing sensor devices that are overcome by the present 
invention. 

SUMMARY OF THE INVENTION 
[003] The present invention is directed to a linear and rotary position sensor device that 
detects the position of a controller accurately through the use of a light emitting diode, a 
phototransistor, a semi-transparent material that passes between the light emitting diode and the 
phototransistor, and electronic circuitry. According to the invention, movement of the controller 
causes movement of the semi-transparent material between the light emitting diode and the 
phototransistor. The movement and position of the semi-transparent material, in turn, controls 
the amount of light transmitting between the light emitting diode and the phototransistor and, 
consequently, controls the amount of light collected by the phototransistor. As the amount of 
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light collected by the phototransistor varies, so does the output voltage provided by the 
phototransistor to the electrically coupled electronic circuitry. Based on the varying output 
voltage of the phototransistor, and through the use of the associated electronic circuitry, a 
position sensor that accurately detects the position of the controller is achieved by the invention. 
Advantageously, the position sensor of the invention is easier to manufacture and assemble over 
known position sensors, and has an overall lower cost application. 

[004] Other features and advantages of the invention will become apparent to those 
skilled in the art upon review of the following detailed description, claims and drawings in which 
like numerals are used to designate like features. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[005] FIG. 1 is a plan view of an exemplary sensor of the invention, with the housing 
cover removed to illustrate the internal sensor components. 

[006] FIG. 2 is a cross-section view of the invention of FIG. 1 taken at line 2-2. 
[007] FIG. 3 is a bottom view of the invention of FIG. 1 . 

[008] FIG. 4 is a schematic of another exemplary embodiment of a sensor device of the 
invention. 

[009] FIG. 5 is a schematic of still another exemplary embodiment of a sensor device of 
the invention. 

[0010] FIG. 6 is a schematic of yet another exemplary embodiment of a sensor device of 
the invention. 

[0011] FIG. 7 is a schematic of another exemplary embodiment of a sensor device of the 
invention. 

[0012] Before the embodiments of the invention are explained in detail, it is to be 
understood that the invention is not limited in its application to the details of construction and the 
arrangement of the components set forth in the following description or illustrated in the 
drawings. The invention is capable of other embodiments and of being practiced or being carried 
out in various ways. Also, it is to be understood that the phraseology and terminology used 
herein are for the purpose of description and should not be regarded as limiting. The use of 
"including" and "comprising" and variations thereof is meant to encompass the items listed 
thereafter and equivalents thereof as well as additional items and equivalents thereof. 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 
[0013] The present invention is directed to a sensor device that senses the position of a 
controller accurately using electronic circuitry. Preferably, the electronic circuitry is analog 
electronic circuitry. In a general sense, the sensor device of the invention achieves this accurate 
sensing through the use of a light emitting diode, a phototransistor, and a semi-transparent 
material - variations of which are depicted in the various exemplary embodiments. In one 
embodiment, the light emitting diode is an infrared light emitting diode (IR-LED). Although the 
invention will be further described in regards to an IR-LED, it is to be understood that other light 
emitting diodes may be suitable for use according to the principles of the present invention. The 
semi-transparent material is coupled to the controller and is arranged to pass between the IR- 
LED and the phototransistor. When infrared light from the IR-LED falls on the phototransistor, 
the light is collected by the phototransistor, which becomes conductive, thereby providing an 
output voltage. The amount of conductivity is proportional to the amount of light collected by 
the phototransistor. The amount of collected light and thus the amount of output voltage is 
controlled by passing the semi-transparent material between the IR-LED and the phototransistor. 

[0014] According the invention, the semi-transparent material has a varying thickness 
and may pass between the IR-LED and phototransistor in either a linear or rotary manner. The 
amount of light collected by the phototransistor is a function of the opacity of the semi- 
transparent material and the amount of light collected varies depending on the position of the 
semi-transparent material and the thickness of the semi-transparent material at that position. In 
other words, the relative position of the semi-transparent material will control how much light 
passes from the IR-LED to the phototransistor and how much light scatters through the material. 
The thicker the semi-transparent material, the more light that is scattered or blocked by the semi- 
transparent material and the less light that is collected by the phototransistor. Similarly, the 
thinner the semi-transparent material, the less light that is scattered or blocked and the more light 
that is collected by the phototransistor. Based on the varying output voltage, and through the use 
of coupled electronic circuitry, a linear or rotary analog position sensor is provided by the 
invention. The specific components, structure, and configuration of preferred embodiments of 
the invention are discussed below. 
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[0015] Specifically, and referring to FIGS. 1-3, there is depicted an exemplary 
embodiment of the sensor device of the present invention. The exemplary sensor device 10 is an 
analog position sensor that may be used for numerous applications and coupled to controller 
components, such as, by way of example, joystick controls for earth moving equipment, vehicle 
throttle controls, accelerator devices, and the like. The sensor 10 will detect the movement of the 
controller or similar device and determine the position of the controller. While a position sensor 
is depicted in the Figures, one skilled in the art will understand that the teachings and principles 
of the invention set forth herein may be used with other types of sensors or for other applications. 

[0016] The sensor 10 includes a housing 12 that is sized and configured to enclose the 
working components of the sensor 10. The housing 12 may be made of any suitable durable 
material such as nylon, plastic or other acceptable material, and may be molded into different 
shapes and configurations depending on the application. As shown by FIG. 2, the housing 12 
includes a housing body 14 for containing the components of the sensor 10, and a housing cover 
16 for enclosing the housed sensor components. The housing cover 16 may be fastened or 
secured to the housing body 14 through conventional fastening or securing techniques. The 
housing body 14 defines a mounting surface 18 to permit the mounting of the housing 12 to other 
components and structures. An o-ring 20 may be positioned on the mounting surface 18 to seal 
the housing 12 to other components, thereby creating a sealed engagement between the housing 
12 and the other components. The housing body 14 may include mounting holes 22, 23 to 
permit the mounting or attachment of the housing 12 to other components and structures. Such 
mounting or attachment may be achieved through known mounting or fastening techniques. 

[0017] The exemplary sensor 10 is a rotary position sensor and includes a rotatable shaft 
24 positioned within the housing 12. The rotatable shaft 24 may be made from stainless steel or 
other suitable material. The rotatable shaft 24 defines at one end a shaft head 26 on which may 
be mounted, coupled, or attached a controller, actuator, joystick, or the like, not shown. As 
stated above, numerous types of controllers may be used with the principles and teachings of the 
invention. The shaft head 26 may include a slotted keyway 28 (FIG. 3) to facilitate the 
mounting, coupling, or attachment of the controller or similar device to the shaft head 26. By 
manually operating the controller, for example, by turning or rotating the controller, the coupled 
shaft 24 will rotate within the housing 12, along with the other components of the sensor 10 that 
are mounted to the shaft 24, as discussed below. The movement of the shaft 24 and thus the 
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movement of the controller will be detected by the sensor components of the invention, as 
described below. 

[0018] Referring to FIG. 2, the shaft 24 is supported in the housing 12 at one end, 
adjacent to the shaft head 26, by a ball bearing 30 and, at the opposite end, by a single bearing 
32, preferably a polymer bearing. The ball bearing 30 is held in place by a bearing retainer 34, 
while the bearing 32 is positioned within a pocket 36 formed within the housing body 14. One 
of skill in the art will understand that other bearings and bearing configurations may be used with 
the invention and still permit the rotational movement of the shaft 24 within the housing 12. A 
cylindrical spacer 38 is positioned over the shaft 24 and on the inner race of the ball bearing 30. 

[0019] A stop plate 40 is positioned over the shaft 24 and on the cylindrical spacer 38. 
With this configuration, the stop plate will be spaced apart from the bearing retainer 34. The 
stop plate 40 is secured to the shaft 24 through the use of a threaded retaining nut 41 which is 
threaded onto the shaft 24. Because the stop plate 40 is secured to the shaft 24, the stop plate 
will rotate with the shaft 24. In use, the stop plate 40 serves as a base or support structure for the 
semi-transparent material, sometimes referred to herein as an optical member, and also serves to 
control the degree of rotation of the semi-transparent material, as described below. The stop 
plate 40 is preferably made from a metallic material or other suitable durable material. 

[0020] Referring back to FIG. 1, the stop plate 40 is generally circular in shape and 
defines a peripheral edge 42. A portion of the peripheral edge 42 of the stop plate 40 is removed 
to form a groove or channel 44 defining opposing groove shoulders or walls 46. Positioned 
within the housing 12 and between the opposing groove shoulders 46 is a stop pin 48. The stop 
pin 48 is secured to the housing 12 and serves as a stop to control the degree of rotation of the 
stop plate 40. In use, as the shaft 24 and accompanying stop plate 40 rotate, the shaft 24 and stop 
plate 40 will rotate until either of the opposing groove shoulders 46 contacts the stop pin 48 at 
which point the stop pin 48 prevents further rotation of the shaft 24 and stop plate 40 in that 
direction. When the shaft 24 and stop plate 40 rotate in the opposite direction, the shaft 24 and 
stop plate 40 will rotate until the stop pin 48 contacts the other groove shoulder 46, thereby 
stopping the rotation of the shaft 24 and stop plate 40 in that direction. The degree of rotation of 
the stop plate 40 is determined by the length of the channel or groove 44 extending along the 
peripheral edge 42. The longer the groove 44, the greater the degree of possible rotation of the 
stop plate 40. Likewise, the shorter the groove 44, the shorter the degree of possible stop plate 
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40 rotation. In an exemplary embodiment, the groove 44 has a length that permits approximately 
60 degrees of stop plate 40 rotation. The length of the groove 44 and therefore the degree of stop 
plate 40 rotation may vary depending on the desired application and it is contemplated that the 
stop plate 40 rotation may have a rotation range of 20 to 120 degrees. However, it is also 
possible that the degree of stop plate 40 rotation may fall outside of the aforementioned rotation 
range. In other words, the present invention is not limited in the possible range of stop plate 40 
rotation. 

[0021] Referring to FIGS. 1 and 2, an optical member, such as an optical cam 50, is 
mounted to the stop plate 40. The optical cam 50 is semi-transparent and made, according to one 
embodiment of the invention, from a polyester grade material, such as Valox 325, a translucent 
polymer known to have good light scattering properties. The optical cam 50, however, may be 
made from numerous other semi-transparent materials that exhibit suitable light scatter 
properties. Because the optical cam 50 is mounted to the stop plate 40, the optical cam 50 will 
rotate with the stop plate 40 and will therefore have the same range of rotation as the stop plate 
40 and the shaft 24. Consequently, as the range of permissible rotation of the stop plate 40 
changes, so will the range of rotation of the optical cam 50. It is contemplated that the optical 
cam 50 and stop plate 40 may be combined into a unitary structure. 

[0022] In the exemplary embodiment depicted in FIG. 1, the optical cam 50 defines a 
cam-shaped optical cam body that is concentrically positioned on the shaft 24. While the shape, 
configuration, and thickness of the optical cam 50 may vary, the exemplary optical cam 50 has a 
thickness that gradually increases. As discussed below, the thickness of the optical cam 50, 
which is made from a semi-transparent or opaque material, will control the amount of light that 
transmits from the infrared light emitting diode 54 (IR-LED) to the phototransistor 56, both of 
which are described below, by scattering or blocking some of the infrared light passing through 
the optical cam 50. Due to the light scattering properties of the optical cam 50, the amount of 
infrared light passing through the optical cam 50 and collected by the phototransistor 56 will 
vary depending on the thickness of the optical cam 50 positioned between the IR-LED 54 and the 
phototransistor 56. Because the optical cam 50 has a gradually increasing thickness and because 
the optical cam 50 rotates with the rotation of the shaft 24 and the stop plate 40, the amount of 
light passing through the optical cam 50 will vary as the optical cam 50 rotates. 


[0023] Mounted within the housing 12 is the IR-LED 54, the phototransistor or 
photodiode 56, and a feedback phototransistor or photodiode 58. These components are mounted 
to the housing 12 through the use of a printed circuit board 59 which is secured to the housing 
12. These components are electrically coupled to the printed circuit board 59, as is known in the 
art. The printed circuit board 59 is electrically coupled, via electric wires 61, to other 
components, not shown, for further voltage signal processing. Also mounted within the housing 
12 and between the IR-LED 54 and feedback phototransistor 58 is an optical gauge 62. As 
illustrated in FIG. 1, the phototransistor 56, the optical cam 50, the IR-LED 54, the optical gauge 
62, and the feedback phototransistor 58 are aligned radially outward from the shaft 24. As stated 
above and as shown in FIG. 1, the optical cam 50 is located within the housing such that the 
region on the optical cam 50 having a gradually increasing thickness is positioned between the 
IR-LED 54 and the phototransistor 56. 

[0024] As stated above, the amount of light received or collected by the phototransistor 
56 will be dependent on the opacity and thickness of the optical cam 50. As the amount of light 
received by the phototransistor 56 varies as the optical cam 50 rotates, the output voltage from 
the phototransistor 56 to the printed circuit board 59 will vary as well. The output voltage from 
the phototransistor 56 will be a function of the position of the optical cam 50. The output 
voltage will therefore be indicative of the position of the optical cam 50, which is indicative of 
the position of the controller that is mounted to the rotatable shaft 24. If the thickness of the 
optical cam 50 increases linearly, as depicted in FIG. 1, the output voltage from the 
phototransistor 56 will also increase linearly, as the optical cam 50 is rotated through its full 
range of motion. Similarly, if the thickness of the optical cam 50 increases non-linearly, the 
output voltage from the phototransistor 56 will also increase non-linearly, as the optical cam 50 
is rotated through its full range of motion. The output voltage signal, which is indicative of the 
position of the controller, is sent to the printed circuit board 59 for further signal processing. 

[0025] The IR-LED 54 will emit infrared light that will also pass through the optical 
gauge 62 and be collected by the feedback phototransistor 58. The optical gauge 62 is positioned 
between the IR-LED 54 and the feedback phototransistor 58. Although not clearly shown, it is 
noted that an air gap preferably exists between the optical gauge 62 and the phototransistor 58, as 
well as between the optical gauge 62 and IR-LED 54. The optical gauge 62 and feedback 
phototransistor 58 collectively serve to detect sensitivity changes in the optical cam 50 and 
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compensate for those changes. The optical gauge 62 is preferably made from the same material 
as the optical cam 50 and because of its fixed relationship between the IR-LED 54 and feedback 
phototransistor 58 will permit a predetermined amount of light to transmit through the optical 
gauge 62. This predetermined amount of infrared light passing through the optical gauge 62 may 
change over time as a result of extended use of the sensor 10, use in high temperature situations, 
and time, all of which may change the light-dispersing properties, such as the opacity and the 
refractive index of the optical gauge 62. The same changes in the light-dispersing properties of 
the optical gauge 62 will also be experienced by the optical cam 50. The feedback 
phototransistor 58 will detect the changes in the properties of the optical gauge 62, which, as 
stated, will be the same changes in the properties of the optical cam 50, and will provide a 
voltage signal vis-a-vis the printed circuit board 59 that may be used to adjust the level of 
infrared light emitted by the IR-LED 54, thereby compensating for the changes in properties of 
the optical cam 50 and the optical gauge 62. 

[0026] Referring to FIGS. 4-7, there are depicted in schematic form other exemplary 
embodiments of the invention. These embodiments may be used with the teachings and 
principles of the embodiment depicted in FIGS. 1-3. As shown in FIG. 4, the concepts of the 
invention may be used to create a linear position sensor through the use of a semi-transparent 
material 60 that is positioned between the IR-LED 54 and the phototransistor 56. The semi- 
transparent material 60 defines a thickness that has a wedge-shaped profile that increases 
gradually or linearly from end 63 to end 64. In use, the semi-transparent material 60 may pass 
between the IR-LED 54 and the phototransistor 56 and, as illustrated by direction arrow 66, may 
pass between the IR-LED 54 and the phototransistor 56 in either direction. The amount of light 
collected by the phototransistor 56 will vary depending on the position of the semi-transparent 
material 60 and the thickness of the material 60 at that position. As with the above embodiment, 
the output voltage of the phototransistor 56 will therefore vary depending on the amount of light 
collected by the phototransistor 56. 

[0027] As shown in FIG. 5, another exemplary embodiment of a linear sensor of the 
invention is depicted and includes a semi-transparent material 70 that is positioned between the 
IR-LED 54 and the phototransistor 56. The semi-transparent material 70 defines a thickness 
having an exponentially increasing profile. In other words, the thickness at end 72 increases at a 
smaller rate than at end 74, where the thickness of the semi-transparent material 70 increases at a 
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much larger rate. Again, the semi-transparent material 70 may pass between the IR-LED 54 and 
the phototransistor 56 in either direction, as illustrated by direction arrow 76, and the amount of 
light collected by the phototransistor 56 will vary, and consequently the output voltage provided 
by the phototransistor 56, depending on the position of the semi-transparent material 70 and the 
thickness of the material 70 at that position. 

[0028] As shown in FIG. 6, another exemplary embodiment of a linear sensor of the 
invention is depicted and includes a semi-transparent material 80 that is positioned between the 
IR-LED 54 and the phototransistor 56. The semi-transparent material 80 defines a thickness 
having profile with multiple inclines 82, 84 positioned on opposing ends of a level or non- 
inclined middle section 86. With this profile, as the semi-transparent material 80 passes between 
the IR-LED 54 and the phototransistor 56, in either direction as depicted generally by direction 
arrow 88, the amount of light collected by the phototransistor 56 will vary depending on the 
position of the semi-transparent material 80 between the IR-LED 54 and phototransistor 56 and 
the thickness of the material 80 at that position. 

[0029] As shown in FIG. 7, another exemplary embodiment of the invention is depicted 
as a rotary sensor, similar to the embodiment of FIG. 1. With this embodiment, a semi- 
transparent material 90 may be positioned between the IR-LED 54 and the phototransistor 56. 
The semi-transparent material 90 defines a thickness that has a wedge-shaped profile that 
gradually increases from end 92 to end 94. As should be readily apparent to one skilled in the 
art, the semi-transparent material 90 may be rotated in either direction, as indicated by direction 
arrow 96, and the amount of light collected by the phototransistor 56, and resulting output 
voltage, will vary depending on the rotary position of the semi-transparent material 90 and the 
thickness of the material 90 at that position. 

[0030] As should be evident from the aforementioned embodiments, there are numerous 
possible shapes and configurations of the semi-transparent material that may be used with the 
present invention 

[0031] Variations and modifications of the foregoing are within the scope of the present 
invention. It should be understood that the invention disclosed and defined herein extends to all 
alternative combinations of two or more of the individual features mentioned or evident from the 
text and/or drawings. All of these different combinations constitute various alternative aspects of 
the present invention. The embodiments described herein explain the best modes known for 
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practicing the invention and will enable others skilled in the art to utilize the invention. The 
claims are to be construed to include alternative embodiments to the extent permitted by the prior 
art. 

[0032] Various features of the invention are set forth in the following claims. 
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